Abstract. The effects of landscape attributes on Lepidoptera communities were studied in an agricultural area in Calabria (S-Italy). The association between a set of community descriptors and landscape metrics was determined using a multi-scale approach. Lepidoptera were sampled using yellow sticky traps in 10 olive groves. The landscape in 5 concentric areas, with radii from 250 to 1250 m, around each sampling site was analyzed. The composition and configuration of the landscape were calculated both at the landscape and class level based on the main classes of land use. The following life-history traits of Lepidoptera were considered: (i) dispersal ability of adults, (ii) habitat preferences and (iii) diet breadth of larvae. An index of community vulnerability was calculated by combining life-history traits and species diversity. There were no significant correlations between any of the landscape metrics and species richness or between species richness and abundance of natural or semi-natural habitats. However, life-history traits were significantly correlated with some landscape metrics, depending on the spatial scale. Most notably, landscape diversity is positively correlated with community vulnerability. The presence of sensitive species in olive orchards, but not species richness per se, is associated with the presence of natural and semi-natural habitats in the surrounding agricultural landscape. In conclusion, responses of communities to landscape changes are more likely to be revealed by an analysis of ecological traits, than species richness. In particular, the vulnerability index, used in this joint analysis of the main ecological traits, seems to be an effective descriptor of the relationships between communities and landscape.
INTRODUCTION
A general trend in biotic communities is an increase in generalist species and decline in specialist species associated with both climate and land use changes (Warren et al., 2001; Julliard et al., 2003) . The decline in specialists associated with human activities is recorded for ecosystems, from boreal forests (Carlson, 2000) to coral reefs (Munday, 2004) . Negative effects of habitat modification on specialist species in particular are recorded in many different groups of animals ranging from birds (Devictor et al., 2008) to reptiles (Hawlena & Bouskila, 2006) . The decline in specialists and increase in the relative abundance of generalist species in response to habitat loss and fragmentation is well documented by the results of longterm studies on butterfly communities (van Swaay et al., 2006; Polus et al., 2007) .
Community response to human-driven habitat change is of primary interest in agro-ecological studies, as agricultural land makes up approximately 38% of total land area (FAOSTAT Land Use Database, 2007) and biodiversity conservation and healthy ecosystem functioning are crucial factors supporting food production (Bullock et al., 2001; Brussaard et al., 2007; Fiedler et al., 2008) . Biodiversity in agro-ecosystems can be increased both by reducing the level of agrochemical inputs, e.g. by organic farming (Holzschuh et al., 2008) , or by improving landscape structure (Hunter, 2002) and composition (Benton et al., 2003) . Several studies suggest that landscape characteristics can be as important as management in promoting farmland biodiversity (Clough et al., 2005; Rundlöf & Smith, 2006) . In particular, perennial vegetation such as woodland, grassland and boundaries of fields provide refuges during adverse seasons or pesticide applications and alternative trophic sources sustaining farmland biodiversity throughout the year (Altieri, 1999; Tscharntke et al., 2005) . The creation of non-farmed habitats within agricultural landscapes is promoted by some policy measures, such as the agri-environment measures in the European Union (Musters et al., 2009 ). Significant effects of landscape characteristics on the distribution and movement of Lepidoptera are reported in the literature (Roland et al., 2000; Mennechez et al., 2003; Bergman et al., 2004; Dover & Settele, 2009) . Diversity (i.e. species richness and evenness) per se is not the only parameter worthy of consideration when evaluating the health of an ecosystem or the conservation interest of an area. In some cases, diversity can be higher in human-altered landscapes than in natural landscapes (Naveh & Whittaker, 1980) . For example, butterfly diversity can be lower in natural but relatively homogeneous landscapes than in certain human-dominated landscapes containing a high availability of adult food sources. However, this pattern may be largely due to an increase in generalist and highly mobile species (Scalercio et al., 2007a) . Vargas et al. (2004) found that Heteroptera spe-cies richness is positively correlated with human disturbance, while this is not the case if only endemic species are considered. Life history traits of species are increasingly being used in studies in ecology and conservation. In particular, using this approach it is possible to compare data collected in areas in different biogeographical regions occupied by different species.
The main ecological traits of Lepidoptera that determine their vulnerability are (Pollard & Yates, 1993; Shreeve et al., 2001; Franzén & Johannesson, 2007; Tscharntke et al., 2008; Barbaro & van Halder, 2009): (i) mobility of adult and/or larval stages, i.e. their ability to leave a habitat that is deteriorating and (re)colonise suitable sites; as a consequence, community composition in changing environments shifts towards species with a high dispersal ability (Scalercio et al., 2007a, b; Warren et al., 2001) ;
(ii) habitat range, i.e. their ability to colonise other habitats when the preferred one becomes unsuitable;
(iii) diet breadth of larvae, i.e. their ability to complete their development on a wide range of host plant species.
As a result, the less mobile and the more specialised the species in a particular community the more vulnerable it is to extinction. Scalercio et al. (2007a) integrated this information, along with that originating from a diversity analysis, to define a vulnerability index, which was used to rank landscape patches in terms of their sensitivity to habitat alteration.
In order to assess the suitability of a landscape for species that score unfavourably in terms of the abovementioned life-history traits, it is important to analyse how particular species traits are associated with landscape and other abiotic variables (Krauss et al., 2003; Summerville & Crist, 2004; Thuiller et al., 2005) . A number of studies demonstrate that fragmentation of natural and semi-natural habitats endanger threatened animals, including Lepidoptera (Schtickzelle et al., 2006) , and the occurrence of animals with particular life-history traits is strongly associated with particular landscape characteristics (Shreeve et al., 2001; Tscharntke et al., 2008) .
The association of particular species traits of insects with landscape characteristics depends on the spatial scale at which a landscape is analyzed (Roschewitz et al., 2005) because the species differ in their dispersal ability or foraging ranges (Westphal et al., 2006) . Multiscale analyses, carried out simultaneously on the same data at different spatial scales, taking into account the seasonality of the target group, provide a means of determining the association between landscape ecology and biodiversity of insects (Rossi & van Halder, 2010) . GIS-based landscape analysis and calculation of landscape metrics is widely used in ecological studies of insects (Thies et al., 2003; Diekötter et al., 2008; Zaller et al., 2008; Boccaccio & Petacchi, 2009) and Lepidoptera in particular (Bergman et al., 2004; Rundlöf & Smith, 2006) in agricultural landscapes.
In this paper a multiscale approach was used to determine the ecological traits of Lepidoptera sampled in human-altered agricultural systems of olive groves that are associated with attributes of the landscape surrounding the sampling sites at different spatial scales. We assessed which landscape characteristics are positively associated with the persistence of vulnerable species. We also asked how, and at what spatial scale, landscape composition affects the quality of lepidopteran communities, highlighting the contribution of non-farmed habitats and using a range of descriptors of lepidopteran communities, including abundance, diversity, specific life-history traits and a community vulnerability index, which includes information on diversity, mobility and habitat selectivity.
MATERIAL AND METHODS
Samples of Lepidoptera were collected from 10 olive groves located in northern Calabria, Italy. Three are located in the municipality of Mirto-Crosia (MIR_A, MIR_B, MIR_C), four in Terranova da Sibari (TER_A, TER_B, TER_C, TER_D) and three in Rende (ARC_A, ARC_B and LIR_A). These sites reflect the existing diversity of landscapes in this area.
A geographic information database was built upon orthorectified aerial photographs (year 2007, spatial resolution of 0.5 m × 0.5 m) using ArcGIS 8 software (ESRI, 2003) . The landscape pattern was digitised on a vector grid of 15 × 15 m. After preliminary trials, this grid size was chosen in order to reflect the integrity of olive cropping units. The following classes of land cover were identified: (I) water bodies, (II) urban, (III) bare soil and rocks, (IV) gardens, (V) arable land, (VI) vineyards, (VII) olive groves, (VIII) citrus groves, (IX) other tree plantations, (X) woodland (including both forest and maquis), (XI) permanent grassland.
Vector land cover maps were converted into raster format at 5 concentric spatial scales, with radii of 0.25 km, 0.50 km, 0.75 km, 1.00 km and 1.25 km, around a geo-reference point located in the centre of each sampled olive grove (Fig. 1) . The maximum radius covers the home range of most Lepidoptera species present in the study area, as dispersal beyond 1 km is relatively uncommon (Thomas et al., 1998) . Other spatial scales were included in the analysis in order to evaluate at which spa- Spatial scales were analysed using FRAGSTATS 3.3 software (McGarigal et al., 2002) and the 8-neighbour rule for calculating metrics. The landscape metrics listed below were chosen, as these variables are known to be associated with communities of Lepidoptera (Usher & Keiller, 1998):
Class-level metrics
Percentage of landscape (PLAND) composed of a particular type of land use (woodlands, grasslands, annual crops). The percentage of landscape reflects the abundance of a given type of land use in the landscape and is widely used as the most intuitive descriptor of landscape composition in landscape-based entomological studies (Kruess, 2003; Jackson et al., 2007) . It is calculated using the following formula, where ai is the area of a patch of a particular type of land use and A is the total landscape area.
PLAND = 100 * ( i ai)/A
Landscape level metrics Perimeter-area ratio, area-weighted mean (PARA_AM), equals the ratio of the patch perimeter (pi) to area (ai), calculated across all patches (i) of a given landscape type and expressed as an area-weighted mean. This metric reflects the complexity of the shape of parches of particular types of land use and therefore is a means of quantifying the edge effect (Collinge & Palmer, 2002) .
Shannon's index of landscape diversity (SHDI) quantifies the diversity of a given landscape based on two components: the number of different land use classes (richness) and the proportional area distribution among classes (evenness). SHDI is calculated by adding, for each class of land use present in the landscape, the proportion of area (Pi) covered by the class itself, multiplied by that same proportion expressed in natural logarithm (ln Pi) (Krauss et al., 2004) .
SHDI = -i (Pi * ln Pi)

Entomological samples
Lepidoptera included belong to the super-families Hesperioidea, Papilionoidea, Noctuoidea and Geometroidea. Ecology of species belonging to these super-families is sufficiently, but not exhaustively, known. Microlepidoptera were not included in this study because of they are difficult to handle /identify and their life histories are largely unknown.
Sampling was undertaken in 2005 and 2006. Lepidoptera were caught using 115 yellow sticky plastic traps (17 × 25 × 0.3 cm) positioned 150 cm above the soil, close to the canopies of olive trees. The yellow traps were each immersed in a solution of commercial synthetic rat glue and petrol ether prior to use in the field and replaced every ten days from mid-June to early December, that is, over a continuous period of 6 months. A different number of traps were set at each study site, ranging from 4 to 19 (Table 1) . Traps were located around the barycentre of each study site at a distance of 20 m from each other. Species were counted and identified in the laboratory.
Although yellow sticky traps are not very attractive for Lepidoptera, their use has the advantage that they are not more or less attractive to butterflies or moths and thus provide a sample of all the taxa present in an area using a single sampling method. However, yellow may be more attractive for specific species as it is reported for Lepidoptera caught by pan-traps (Benes et al., 2000) .
Data analysis
As the sampling effort was not uniform, i.e. different numbers of traps were used at each study site, species richness and abundance were compared after 100 randomisations using EstimateS 7.5 (Colwell, 2005) . The cumulative number of species and individuals in the first four samples were used in the subsequent analyses as this is the maximum number of samples available for each site sampled.
The quality and vulnerability of Lepidoptera communities at each site sampled was quantified using the following measures (Scalercio et al., 2007a ):
Shannon's index of diversity (H'), using natural logarithm; Mobility (M), computed by summing, for each species (i), the product of the proportion of individuals (pi) in the community made up of that species and its mobility range (MR i) M = i(pi MRi). Eurytopy (E), i.e. the ability to tolerate a wide range of habitats, calculated by summing the proportion of individuals (Pe) of each eurytopic species (e) across the community E = e Pe The community vulnerability index (Iv) was computed according to the following equation: 1. Number of traps operated at each sampling site, description of the landscape and associated communities of Lepidoptera. Landscape data is for the area within a radius of 1000 m of the sites sampled. S -species richness and N -number of individuals (both compared after 100 randomisations performed by running EstimateS 7.5 (Colwell, 2005) and using the cumulated number collected in the first four samples); Iv -vulnerability index; PARA_AM -Perimeter-area ratio area-weighted mean; SHDIShannon's index of landscape diversity.
where: H' = Shannon's index of the species assemblage; M = mobility of the species assemblage; E = eurytopy of the species assemblage.
Shannon's index was selected as a measure of diversity as it is widely used in ecological studies (Grill et al., 2005; Simon et al., 2007) and not very sensitive to rare species and sample size (Magurran, 1988) . Mobility ranges and fundamental ecological categories proposed by Balletto & Kudrna (1985) were used in the calculations. Mobility range varies from 1 for sedentary species to 5 for migratory species. Because the level of knowledge of moths is less than that of butterflies only three mobility ranges were used for the former: 1 for sedentary, 5 for migratory and 3 for other species. Eurytopic species are those reported in a wide range of habitats.
Furthermore, for each site sampled, we computed the average abundance and richness, per trap, of species belonging to the following ecological groups (based on information in several papers and books, preferentially those on Mediterranean fauna (Balletto & Kudrna, 1985; Berio, 1985 Berio, , 1991 Parenzan, 1994; Bertaccini et al., 1995 Bertaccini et al., , 1997 Hausmann, 2001 Hausmann, , 2004 Mironov, 2003 and literature therein): (i) grassland species, those occurring in habitats dominated by herbaceous vegetation; (ii) woodland species, occurring mainly in forests; (iii) ecotonal species, clearings and forest margins; and (iv) generalist species, in a wide range of habitats in Mediterranean countries.
Depending on their powers of dispersal, species were categorised as follows: (a) high dispersal frequency, those that are able to rapidly respond to environmental changes by migrating; (b) medium dispersal frequency, those that are able to respond to environmental changes but more slowly than those included in the previous category and only if a suitable habitat is close by; (c) low dispersal frequency, those that are able only to escape small and temporally limited environmental changes, usually only dispersing hundreds of meters during their lifetime. Although five ranges of the mobility index are used only three categories were used in this study because there is less detailed information on moths than on butterflies, for which five categories can be discriminated. Species with a low dispersal frequency are those with a mobility range of 1, those with a high dispersal frequency have a mobility range of 5 and those with a medium dispersal frequency a range of from 2 to 4.
Based on the host-plant specificity of the larvae the species were designated either as: (1) monophagous, species whose larvae feed on plants belonging to one species or genus; (2) oligophagous, with larvae feeding on plant species belonging to at least two genera, but no more than one family; (3) polyphagous species, whose larvae feed on plant species belonging to at least two families.
Linear correlations between the following indices: species richness, abundance, vulnerability, dispersal ability, habitat preference and host-plant specificity, and landscape attributes (percentage of woodland, grassland and arable land), Shannon's landscape diversity index and Perimeter-area ratio, and the computation of mean values and their standard deviations were calculated using Statistica 5.5 (StatSoft).
RESULTS
Landscape analysis
Of the landscape-level metrics, the perimeter-area ratio recorded at the different sites sampled varied considerably whereas the Shannon's diversity index was quite homogeneous and relatively low. The abundance of natural and semi-natural habitats was extremely low in 2. Mean number of species (S) and individuals (N) collected per trap ± SD classified according to their dispersal ability (low, medium, high), habitat preference (W -woodland, E -ecotone, G -grassland, Gen -generalist) and host-plant specificity (monmonophagous, oli -oligophagous, pol -polyphagous). most of the landscapes analyzed (Table 1 ). In fact, the dominant type of land use around the plots sampled was agricultural. Both the landscape-level and class-level metrics indicate that the landscape in the area studied was relatively simple and unlikely to sustain many species of Lepidoptera.
Structure of the Lepidopteran community
We collected 1,577 individuals belonging to 95 species (Appendix 1). The most abundant families were Nymphalidae (N = 580) and Pieridae (N = 463), the most specious families were Noctuidae (S = 35) and Geometridae (S = 24). Lasiommata megera and Pieris brassicae were the most abundant species and made up half of all the individuals sampled.
Species richness was relatively low at all the sites sampled, ranging between 12.9 (MIR_C) and 31.5 (ARC_B) species recorded up to the fourth sample. This reflects the simple nature of the landscape and low ecological quality of the dominant habitats ( Table 1) .
The negative values for the community vulnerability index recorded in this study are typical of human-altered habitats. Only two communities had positive, but very low, values (Table 1) . Abundance of the species was also generally low as was species richness. No more than 23.8 individuals per trap were collected over the whole sampling period (Table 1) . Species with medium or high dispersal ability dominated the samples, together with habitat generalists and oligophagous species. Poor dispersers, monophagous species and woodland species were scarcely represented ( Table 2) .
Associations between Lepidoptera and various attributes of the landscape Species richness and abundance did not correlate with any of landscape metrics recorded, while other species traits correlated with a few attributes. The mean number of woodland individuals significantly correlated with the percentage of woodland, but only at the larger spatial scale (1000 m). Conversely, species with low dispersal ability were strongly associated with the percentage of the landscape under grassland, but only at a small spatial scale (250 m) ( Table 3) .
The community vulnerability index was associated much more closely with landscape attributes than abundance and species richness. It is positively correlated with the Shannon's diversity index and the perimeter-area ratio measured within 1000 m (Table 3 ).
The predictive power of landscape metrics as community descriptors is quantified by the coefficient of determination R 2 . This varied depending on the spatial scale at which the landscape surrounding the focal points was analyzed. Shannon's index of landscape diversity was most strongly associated with community vulnerability measured within 500 m of the focal points and decreased thereafter. The power of the percentage of the landscape occupied by grassland for predicting the abundance of Lepidoptera with poor dispersal ability decreased with increasing spatial scale. On average, R 2 values were higher for the vulnerability index than for dispersal ability (Fig. 2) .
DISCUSSION AND CONCLUSIONS
The main finding of this paper is that heterogeneous landscapes with remnants of wild vegetation are important for sustaining species that are sensitive to alterations to their habitats, while natural and semi-natural habitats have only a marginal role in sustaining species richness and abundance. Species that are sensitive to alterations to their habitats occurred more frequently in olive groves surrounded by a landscape that includes a high percentage of natural or semi-natural habitats, although species adapted to human altered habitats were always the most frequent and abundant. The intensity of human activity in an area is also associated with extremely low or negative values of the community vulnerability index in such areas (Scalercio et al., 2007a) .
Species richness was low at all the sites sampled and was not associated with the percentage of woodlands and grasslands or any other attribute of the local landscape. In contrast, some species traits were more strongly associated with landscape attributes depending on the spatial scale. The positive correlation between abundance of woodland species and the percentage of woodland within a 1000 m radius might indicate that woodland has an effect on woodland species only at large spatial scale, as observed also by Bergman et al. (2004) , while other factors might dominate the pattern at smaller spatial scales. The positive correlation between species and individuals with low dispersal ability and the percentage of grassland at small spatial scales is probably due to the attractive power of grasslands as foraging areas for butterflies and as a consequence Lepidoptera are more abundant in this habitat. Further studies are needed to confirm these patterns.
Life-history traits are known to determine the responses of plants to forest habitat fragmentation (Kolb & Diekmann, 2005 ) and habitat quality has a stronger effect on species composition and life-history traits than on species richness (Aviron et al., 2007) . Several authors have successfully used life-history traits for evaluating the sensitivity of insect communities to landscape changes; examples include: risk of extinction of butterflies and moths as a consequence of climate change (Franzén & Johannesson, 2007) , conservation interest of species and communities in mosaic landscapes (Barbaro & van Halder, 2009 ) and functional diversity in agro-ecosystems . Life-history traits such as habitat specialisation, body size and family identity can explain differences in density-area relationships in butterflies and moths (Hambäck et al., 2007) . Several studies on the effect of climate change on insect communities highlight the negative affects it has on habitat-specialists, those that disperse slowly and monophagous species, while less demanding species increasingly dominate lepidopteran communities (Warren et al., 2001; Wilson et al., 2007; Barbaro & van Halder, 2009 ). In our study, individual ecological traits showed important relationships with some landscape metrics, but only in few cases. The community vulnerability index is more strongly associated with landscape metrics than any other attribute of Lepidoptera communities. Unlike abundance and species richness, the community vulnerability index is associated with all the landscape attributes and at all spatial scales measured. This result suggests that habitat heterogeneity and abundance of ecotones are crucial for the survival of ecologically demanding (i.e. vulnerable) communities of butterflies and moths, and that the community vulnerability index, used in a joint analysis of main ecological traits, is more likely to reveal the influence of landscape than an individual ecological trait.
Prior to using species traits in ecological studies it is important to define them objectively and precisely. Large datasets of the distribution and abundance of species are the starting points for categorising species, but unfortunately they are only available for a few geographical areas and butterflies (see Shreeve et al., 2001) . In this study we used rather coarse categories because in some cases, mainly moths, the ecological traits of species are poorly known. There is a need to increase our knowledge of the ecological traits of species in order to refine the descriptive power of communities. One difficulty is the ecological plasticity of species, especially those whose ecology varies greatly throughout their distribution. Samples of Lepidoptera were collected in olive groves, set in landscapes consisting of mainly agricultural land under arable or permanent crops. In particular, the species richness and abundance of woodland specialists and species with poor dispersal ability are negatively associated with the extent of arable land, but none of these correlations were statistically significant (data not shown). This is probably due to the relatively small size of the sample analyzed, which indicates there is a need to determine whether these trends occur larger samples.
Larval diet did not appear to be influenced by any landscape attribute. This may be due to grouping species in a feeding category only on the basis of plant systematics. Probably it would be more appropriate to group species into homogeneous categories based on biochemistry. For example, there is surely a big difference between polyphagous species feeding on Quercus-Carpinus-Acer, or Poa-Carex-Dactylis (all trees/grasses, with very similar leaf biochemistry, despite their taxonomic differences) and those feeding on Mandragora-Solanum-Arum, which chemically are very different plants.
In order to conserve communities with high ecological requirements our results indicate that is important to protect a sufficiently large area and diversity of habitats, especially natural and semi-natural habitats, which may also help species adapt to changes, even in greatly modified landscapes. This is particularly important in the Mediterranean Basin where the level of endemicism is high and hence conservation of these species is of global importance. Ecological traits of species provide better descriptions of the relations between coenosis and attributes of landscape, than species richness. Furthermore, assemblages of Lepidoptera with high ecological requirements seem to be associated with landscape characteristics at different spatial scales, which indicate the importance of landscape-scale studies for the conservation of butterflies and moths.
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